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POLYMER COATED GUIDEWIRE 
RELATED APPLICATIONS 
This application is a continuation in part of co-pending application Ser, 
No. 09/203,140, filed December 1, 1998. which is a continuation in part of co- 
pending application Ser. No. 08/868,764, filed June 4, 1997. both of which are 
incorporated herein in their entirety. 

BACKGROUND 

This invention relates to the field of guidewires for advancing intraluminal 
devices such as stent delivery catheters, balloon dilatation catheters, 
atherectomy catheters and the like within a patient's body, specifically, within a 
pafient's vasculature. 

In a typical percutaneous procedure in a patient's coronary system, a 
guiding catheter having a preformed distal tip is percutaneously introduced into 
a patient's peripheral artery, e.g. femoral, radial or brachial artery, by means of 
a conventional Seldinger technique and advanced therein until the distal tip of 
the guiding catheter is seated in the ostium of a desired coronary artery. There 
are two basic techniques for advancing a guidewire into the desired location 
within the patient's coronary anatomy, the first is a preload technique which is 
used primarily for over-the-wire (OTW) devices and the bare wire technique 
which is used primarily for rail type systems. With the. preload technique, a 
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guidewire is positioned within an Inner lumen of an OTW device such as a 
dilatation catheter or stent delivery catheter with the distal tip of the guidewire 
just proximal to the distal tip of the catheter and then both are advanced through 
the guiding catheter to the distal end thereof. The guidewire is first advanced 
out of the distal end of the guiding catheter into the patienfs coronary 
vasculature until the distal end of the guidewire crosses the arterial location 
where the interventional procedure is to be performed, e.g. a lesion to be dilated 
or a dilated region where a stent is to be deployed. 

The catheter, which is slidably mounted onto the guidewire, is advanced 
out of the guiding catheter into the patient's coronary anatomy over the 
previously introduced guidewire until the operative portion of the intravascular 
device, e.g. the balloon of a dilatation or a stent delivery catheter, is properly 
positioned across the arterial location. Once the catheter is in position with the 
operative means located within the desired arterial location, the interventionai 
procedure is performed. The catheter can then be removed froni the patient 
over the guidewire. Usually, the guidewire is left in place for a period of time 
after the procedure is completed to ensure reaccess to the arterial location if it is 
necessary. For example, in the event of arterial blockage due to dissected lining 
collapse, a rapid exchange type perfusion balloon catheter such as described 
and claimed in U.S. Patent 5,516,336 (Mclnnes et al), can be advanced over 
the jn-plaee guidewire so that the balloon can be inflaited to open up the arterial 
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passageway and allow blood to perfuse through the distal section of the 
catheter to a distal location until the dissection is reattached to the arterial wall 
by natural healing. 

With the bare wire technique, the guidewire Is first advanced by itself 
through the guiding catheter until the distal tip of the guidewire extends beyond 
the arterial location where the procedure is to be performed. Then a rail type 
catheter, such as described in U.S. Patent No. 5,061,395 (Yock) and the 
previously discussed Mclnnes et al- which are incorporated herein by reference, 
is mounted onto the proximal portion of the guidewire which extends out of the 
proximal end of the guiding catheter which is outside of the patient. The 
catheter is advanced over the guidewire, while the position of the guidewire is 
fixed, until the operative means on the rail type catheter is disposed within the 
arterial location where the procedure is to be performed. After the procedure 
the intravascular device may be withdrawn from the patient over the guidewire 
or the guidewire advanced further within the coronary anatomy for an additional 
procedure. 

Conventional guidewires for angioplasty, stent delivery, atherectomy and 
other vascular procedures usually comprise an elongated core member with one 
or more tapered sections near the distal end thereof and a flexible body such as 
a helical coil or a tubular body of polymeric material disposed about the distal 
portion of the core member. A shapable member, which may be the distal 
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extremity of the core member or a separate shaping ribbon which is secured to 
the distal extremity of the core memtper, extends through the flexible body and is 
secured to the distal end of the flexible body by soldering, brazing or welding 
which forms a rounded distal tip. Torquing means are provided on the proximal 
end of the core member to rotate, and thereby steer, the guidewire while it is 
being advanced through a patient's vascular system. 

Further details of guidewires, and devices associated therewith for various 
interventional procedures can be found in U.S, Patent 4,748,986 (Morrison et 
al.); U.S. Patent 4.538,622 (Samson et a|.): U.S, Patent 5,135,503 (Abrams); 
U.S. Patent 5,341,818 (Abrams et al.); U.S. Patent 5,345,945 (Hodgson, et al.) 
and U.S. Patent 5,636,641 (Fariabi) which are hereby incorporated herein in 
their entirety by reference thereto. 

Conventional guidewires using tapered distal core sections as discussed 
above can be difficult to use in many clinical circumstances because they have 
an abrupt stiffness change along the length of the guidewire, particularly where 
the tapered portion begins and ends. As a guidewire having a core with an 
abrupt change In stiffness is moved through tortuous vasculature of a patient, 
the physician moving the guidewire can feel the abrupt resistance as the 
stiffness change is deflected by the curvature of the patient's vasculature. The 
abrupt change |n resistance felt by the physician can hinder the physician's 
ability to safely and controllably advance the guidewire through the vasculature. 
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What has been needed is a guidewire, and particularly a guidewire core 
member, that does not have an abrupt change in stiffness, particularly in the 
portions of the distal section that are subject to bending in the vasculature and 
guiding catheter. What has also been needed is a guidewire with a smooth 
continuous low friction surface of the guidewire in combination with high strength 
and flexibility. |n addition, it is desirable for a guidevyire to have a discrete 
radiopacity and predetermined size and spacing of radiopaque elements that 
serve as a measuring guide for determining the size of lesions. 

SUMMARY OF THE INVENTION 
The guiding mernber of the present invention has an elongate core 
member with proximal and distal core sections and a flexible tubular body such 
as a helical coll or polymeric body disposed about and secured to the distal 
section of the core member. The distal core section has a plurality of distally 
tapering contiguous core segments having tapers of up to 25^ and lengths of up 
to 15 cm. As used herein the measurement of tapers is the angle of a line 
tangent to the surface of the segment in line with the longitudinal axis of the core 
member. The first tapered core segment, which typically has a circular 
transverse cross-section, preferably tapers from the diameter of the adjacent 
proximal core section to a diameter of about half to about three quarters of the 
diameter of the adjacent proximal core section. The second tapered core 
segment, which also has a circular transverse cross^^section, tapers from the 
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smallest diameter of the first tapered core segment to a diameter of not more 
than one-half the smallest diameter of the first tapered core segment 

One embodiment includes a first core segment with a taper in the distal 
direction and a djstally contiguous second core segment having a taper in the 
distal direction greater than the taper of the first core segment, The taper of the 
first or proximal segment generally can be up to about 5°, preferably about 0.01° 
to about 1*^, more preferably about 0.01 1° to about 0.2^. The taper of the second 
or di$tal core segment can be up to about 6°, preferably about 0.01® to about 
1.1^ more preferably about 0.015° to about 0.45°. 

In another embodiment, the second tapered core segment has a length 
greater than the first tapered core segment , with the distal segment generally 
ranging about 1 to about 12 cm, preferably about 2 to about 10 cm and the distal 
segment generally about 1 to about 8 cm, preferably about 2 to about 6 cm. 
The tapered core segments may have circular transverse cross-secfions and 
straight exterior surfaces, e.g. frusto-conical shape. However, other shapes are 
contemplated, e.g. curved exterior surfaces. Indeed, the taper of the 
contiguous core segments may have a confinuously changing taper over all or 
part of both core segments. 

The flexible tubular body such as a helical coil is secured by its distal end 
to the distal tip of the distal core section or to the distal tip of a shaping ribbon 
secured to the distal core section in a conventional fashion. The helical coil may 
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be secured at its distal end by application of an adhesive or epoxy, soldering, 
brazing or welding to form a rounded distal tip to the guiding member as done 
with commercially available guldewire for procedures within a patient's coronary 
artery. 

In one embodiment of the invention, the guidewire has an elongate 
proximal core section having a length of about 65 to about 280 cm and a circular 
transverse cross-section with a diameter of generally about 0.010 to about 0.035 
inch (0.30-0.46 mm), typically about 0.012 to about 0.018 inch (0.30-0.46 mm) 
for coronary anatomy. 

In one embodiment of the invention, the second tapered core segment is 
preferably followed distally with a manually shapable flattened core segment of 
about 1 to 4 cm in length which preferably has essentially constant transverse 
dimensions, e.g, 0.001 by 0.003 inch (mm). A helical coil having transverse 
dimensions about the same as the proximal core section is secured by its distal 
end to the flattened distal tip of the core member, e.g. solder, and by Its proximal 
end at an intermediate position on the second tapered segment so that the distal 
end of the second tapered segment resides within the interior of the coil. The 
coil may have a length of about 2 to about 40 cm or more, but typically will have 
a length of about 2 to about 10 cm in length. 

The guidewire of the invention provides the enhanced distal and proximal 
support needed for stent deployment, advancement of atherectomy devices and 



Attorney Doc. No. 22965-4620 



8 

the like and provides a smootii transition between the proximal core section and 
the flattened distal tip of the core member while exhibiting excellent steerability. 

In another embodiment, an intracorporeal device, preferably a giiidewire, 
has an elongate member with at least one longitudinal portion having a 
substantially linear change in stiffness over a length thereof. A substantially 
linear change in stiffness of a section of an elongate Intracorporeal device may 
be achieved with an elongate core member having a tapered profile, tapering 
distally to a smaller transverse dimension and configured to produce a linear 
change in stiffness. The distal taper of the elongate core may be in the form of 
a taper having a continuously changing taper angle, i.e. a curvilinear taper 
profile, or may be achieved by a plurality of tapered segments which are 
longitudinally short in comparison to the longitudinal length of the tapered 
section as a whole. 

In embodiments where a plurality of tapered segments are used, the 
tapered segments are preferably contiguous or adjacent each other and have a 
substantially constant taper angle over the length of each tapered segment. In 
one particular embodiment, the taper angle of each tapered segment is greater 
than the taper angle of the segment proximally adjacent to it. The taper angle 
and segment length can be controlled from tapered segment to tapered 
segment to produce the desired bending characteristics of the longitudinal 
portion of the core member. 
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A core member may be ground to a profile which is calculated 
mathematically to produce a linear change in stiffness. A useful formula for 

generating a substantially linear change in stiffness is 

j_ 

r 64CL J4 
I Etc 

where Pl is the diameter of an elongate core member at length L from a position 
of starting diameter Po , E is the modulus of elasticity of the material from which 
the elongate core member is made , and C is a constant. 

This formula may be used to generate smooth continuous profiles, or 
multiple tapered segments where each individual tapered segment has a 
substantially constant taper angle. In the latter instance, the taper angle and 
length of each tapered segment can vary to produce the overall desired effect 
by having the segmented contour substantially follow the formula above. In one 
particular embodiment, the points between two adjacent tapered segments, or 
transition points, have diameters that substantially follow the formula above for 
Dl- As the number of tapered segments increases, this embodiment gradually 
approaches the smooth continuous curvilinear embodiment. That is, in the 
limiting case where the number of tapered segments is large, there is little or no 
difference in stiffness between the segmented core and the smooth curvilinear 
profile core. 
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Another approach to generating linear stiffness change in an elongate 
jntracorporeal involves controlling the nrioment of inertia at any given point in a 
longitudinal portion. A useful formula for such an approach is 

E 

where II is the moment of inertia of the elongate core member at length L from a 
position of starting inertia Ip , E is the modulus of elasticity of the core material, 
and C is a constant that is derived from the boundary conditions of the 
longitudinal portion, specifically, a desirqd starting moment pf inertia, finish 
moment of inertia, length of section of linear change in stiffness. 

A core member with a linear change in stiffness over its length provides 
improved advancement and control of the distal end of an intracorporeal device 
through a patient's body lumen. The improvement in handling characteristics 
results in part from the absence of abrupt changes in flexibility that can obscure 
the tactile feedback to the physician holding the proximal end of the device. In 
addition, the abrupt changes in stiffness can cause the device to resist smooth 
and controllable advancement because a step or threshold force must be 
applied to overcome the abrupt change in stiffness. 

Another embodiment of the invention has an elongate core member with a 
proximal section and a distal section with at least one longitudinal portion having 
a curvilinear taper. At least one polymer layer is disposed about the distal 
section of the elongate core member. A flexible body, generally in the form of a 
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helical coil, may be disposed about the distal section of the elongate core 
member with the polymer layer disposed about the distal section of the elongate 
core member and dispersed around the helical coil Including the cylindrical gap 
between an inside surface of the helical coil and an outside surface of the 
elongate core member, if a particular design creates such a gap. The 
curvilinear taper of the longitudinal portion can be configured to taper distally to 
a reduced transverse dimension and reduce bending stiffness of the elongate 
core distally in a smooth and continuous manner. Such a design produces a 
guidewire having a distal section that can ppergte within a patient's body and 
move throughout the patient's body and delivery catheters smoothly without 
undue sudden resistance felt by the operator as the guidewire is advanced. In 
one embodiment, the longitudinal portion of the elongate core can be configured 
to produce a substantially linear change in stiffness along the longitudinal length 
of the section. In addition, more than one polymer layer can be used. For 
example, one embodiment has an elongate core member with a proximal 
section and a distal section, with the distal section having at least one 
longitudinal portion with a curvilinear taper. A first polymer layer is disposed 
about the distal section of the core and a second polymer layer is disposed 
about the first polymer layer. 

A desirable feature that can be included with the guidewire embodiments 
noted above and standard guidewire devices is radiopaque markers disposed at 
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regular or Irregular longitudinal intervals in order to facilitate mea$urement and 
positioning of intracorporeal structures and devices while performing a 
procedure. Thus, one embodiment of the invention has an elongate core 
member with a proximal section and a distal section, a flexible body disposed 
5 over the distal section and at least one radiopaque marker disposed on the 
distal section, Jhe flexible body can consist of a helical coil or a polymer layer, 
or one or more polymer layers over the helical coil and distal section of the core 
member. The helical coil can be radiopaque or radiolucent. If the helical coil is 
radiolucent, the coil may be spaced at desired intervals in order to produce 

10 portions of less radiopacity adjacent portions of greater radiopacity. Such a 
structure creates a pattern that can be seen under flouroscopy and used to 
measure intracorporeal structure, if the distance between successive radiolucent 
portions is known. The spaced portions of the radiopaque coil may alternatively 
be filled with a radiolucent material that can serve to secure the helical coil to 

15 the elongate core member. In another alternative, a radiolucent coll could be 
used as a flexible body with intermittent spaced and stacked portions at known 
longitudinal intervals. The spaced portions of the coil may then be filled with a 
radiopaque material which serves to create radiopaque markers at regular 
intervals, and can also serve to secure the helical coil to the elongate core 

20 member at desired locations along the core member. 
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Another embodiment of the invention can have a flexible body in the form 
of a tubular polymer member having a plurality of longitudinal segments with at 
least one of the segments being radiopaque and at least one of the segments 
being radiolucent. The location, spacing and longitudinal length of the 
segments can be chosen to create a pattern of radiopaque markers that can be 
used to measure features under flouroscopic imaging. 

In one embodiment, the flexible body member of the guidewire of the 
present invention is a multi-layered member formed With at least one layer of a 
polymer material and one layer of radiopaque material. If there are two polymer 
layers, the radiopaque layer is preferably disposed between the two polymer 
layers. The radiopaque layer may be continuous or intermittent and comprises 
elements which have regular or irregular repetitions. The radiopaque layer may 
also be in the form of an open helical ribbon with one or more adjacent turns of 
the helical ribbon which do not touch. The helical ribbon is held in place by one 
or more polymer layers. The radiopaque layer can have sufficient radiopacity to 
be visualized under a fluoroscope, allowing the physician to use the radiopaque 
layer not only as a reference tool while advancing the guidewire to a desired 
intraluminal location, but also as a measuring guide for determining the size of 
lesions. 

The flexible body may be formed about the core member by applying 
individual layers of polymer to the core member or it may be first formed 
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elsewhere and then secured to the core member by suitable adheslves or by 
shrink fitting, thus providing a smooth continuous surface. The layer of 
radiopaque material provides the discrete radiopacity needed for fluoroscopic 
observation and control of the guidewire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view partially in section of a guidewire embodying 
features of the invention. 

FIG- 2 is a transverse cross-sectional view of the guidewire shown in Fig. 
1 taken along the lines 2-2. 

FIG. 3 is a transverse cross-sectional view of the guidewire shown in Fig. 
1 taken along the lines 3-3. 

FIG. 4 is an enlarged view of the distal portion of the guidewire shown in 
Fig. 1 which indicates the tapers of the distal core section. 

FIG. 5 is a partial elevational view of the distal core section or an 
embodiment of the invention which has a separate shaping ribbon extending 
from the distal extremity of the core member to the distal end of the coil, 

FIG. 6 is an elevational view of a portion of a guidewire having features of 
the invention. 

FIG. 7 is a transverse cross sectional view of the guidewire of FIG. 6 
taken at lines 7-7 of FIG. 6. 
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FIG- 8 is a transverse cross sectional view of the guidewire of FIG. 6 
taken at lines 8-8 of FIG. 6. 

FIG, 9 is an elevational view of a portion of a gujdewire having features of 
the invention in partial section. 

FIG. 10 is an elevational view in partial section of a portion of a guidewire 
having features of the invention, 

FIG. 11 is a graphic depiction of the diameter of a typical guidewire core 
member versus the axial position or length from a fixed reference point of that 
diameter along the core member. 

FIG. 12 is a graphic depiction of relative bending stiffness values of a 
typical guidewire core member versus length from a reference point along the 
core member. 

FIG. 13 is a graphic depiction of the diameter of a typical guidewire core 
member versus the length from a fixed reference point or longitudinal position of 
that diameter. 

FIG. 14 is a graphic depiction of relative stiffness values of a typical 
guidewire core member versus longitudinal position or length along the core 
member. 

FIG. 15 is a graphic depiction of relative stiffness values of a typical 
guidewire core member versus longitudinal position or length along the core 
member ~ 
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FIG. 16 Is an elevatlonal vjew of a section of a guldewire having features 
of the invention. 

FIG. 17 is an elevational view in partial longitudinal sectiori of a guidewire 
having features of the invention. 
5 FIG. 18 is a transverse cross sectional view of the guidewire shown in 

FIG. 17 taken at lines 18-18 of FIG. 17. 

FIG. 19 is a transverse cross sectional view of the guidewire shown in 
FIG. 1 7 taken at lines 1 9-1 9 of FIG. 1 7. 

FIG. 20 is an elevational view in partial longitudinal section of a guidewire 
10 having features of the invention. 

FIG. 21 is a transverse cross sectional view of the guidewire shown in 
FIG. 20 taken at lines 21^21 of FIG. 20. 

FIG. 22 is a transvierse cross sectional view of the guidewire shown in 
FIG. 20 taken at lines 22-22 of FIG. 20, 
15 FIG. 23 is an elevational view in partial longitudinal section of a guidewire 

having features of the invention. 

FIG. 24 is a transverse cross sectional view of the guidewire shown in 
FIG. 23 taken at lines 24-24 of FIG. 23. 

FIG. 25 is a transverse cross sectional view of the guidewire shown in 
20 FIG. 23 taken at lines 25-25 of FIG. 23. 
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FIQ. 26 i$ an elevational view in partial longitudinal section of a guidewire 
having features of the invention. 

FIG. 27 is a transverse cross sectional view of the guidewire shown in 
FIG. 26 taken at lines 27-27 of FIG. 26. 
5 FIG. 28 is a transverse cross sectional view of the guidewire shown In 

FIG. 26 taken at lines 28-28 of FIG. 26. 

FIG, 29 is an elevational view in partial longitudinal section of a guidewire 
having features of the invention. 

FIG. 30 is a transverse cross sectional view of the guidewire shown in 
10 FIG. 29 taken at lines 30-30 of FIG. 29. 

FIG. 31 is a transverse cross sectional view of the guidewire shown in 
FIG, 29 taken at lines 31-31 of FIG. 29. 

FIG. 32 is an elevational view in partial longitudinal section of a guidewire 
having features of the invention. 
15 FIG. 33 is a ti-ansverse cross sectional view of the guidewire shown in 

FIG. 32 taken at lines 33-33 of FIG. 32. 

FIG. 34 is a transverse cross sectional view of the guidewire shown in 
FIG. 32 taken at lines 34^34 of FIG. 32. 

FIG. 35 is an elevational view in longitudinal section of a tubular polymer 
20 member. 
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FIG. 36 is a transverse cross sectional view of the tubular polymer 
member of FIG. 35 taken along lines 36-36 in FIG. 35, ^ 

" FIG. 37 is an elevational view, partially in section, of a guidewire which 
embodies features of the invention. 

FIG. 38 is a transverse cross sectional view of the guidewire of FIG. 37 
taken along lines 38-38 in FIG, 37. 

FIG. 39 Is an eleviational view, partially in section, of a guidewire which 
embodies features of the invention. 

FIG. 40A is an alternative embodiment with two layers of a polymer 
material. 

FIG. 40B is an enlarged view of the guidewire shown In FIG. 40A within 
the circle 2B. 

FIG. 41 is an enlarged transverse cross-sectional view of the guidewire 
shown in FIG. 40B taken along the lines 41-41 in FIG. 408. 

FIG, 42 is an enlarged view of an embodiment of a guidewire in which the 
radiopaque layer is continuous. 

FIG. 43 is an elevational view in partial section of an apparatus for 
applying a polymer coating to an elongate intracorppreal device having features 
of the invention. 

FIG. 44 is an elevational view in partial section of the guide tube assembly 
shown in FIG. 43 taken along lines 44t44, in FIG. 43. 
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FIG. 45 is a transverse cross sectional view of the guide tube assembly 
shown in FIG. 44 taken along lines 45-45 in FIG. 44- 

FIG. 46 is a transverse cross sectional view of the guide tube assembly 
shown in FIG. 44 taken along lines 46-46 in FIG. 44. 

FIG. 47 is an elevational view in longitudinal cross section of the die in the 
guide tube assemlply shown in FIGS. 42-46, having features of the invention. 

FIG. 48A-48C are transverse cross sectional views of the die shown in 
FIG, 47 taken along lines 48-48 in FIG. 47. 

FIG. 49 is an elevational view in partial section of a tandem apparatus for 
applying a polymer coating to an elongate intracorporeaj device having features 
of the invention. 

FIG. 50 Illustrates an elevational view in section of a guide tube assembly 
having features of the invention. 

FIG. 51 is a transverse cross sectional view of the guide tube assembly of 
FIG. 50 taken along lines 51-51 in FIG. 50. 

DETAILED DESCRIPTION OF THE INVENTION 

Figs 1-3 depict a guidewire 10 having features of the invention which has 
a core member 11 with a proximal core section 12, a distal core section 13 and 
a helical coll 14. The distal core section 12 has a first tapered segment 15 and 
a second tapered core segment 16 which is distally contiguous to the first 
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tapered core segment. The second tapered segment 16 tapers at a greater 
degree than the first tapered segment and this additional taper provides a much 
smoother transition when the distal portion of the gliidewire 10 is advanced 
through a tortuous passageway. The degree of taper of the first tapered core 
5 segment 15, i.e. the angle between the longitudinal axis 17 and a line tangent to 
the first tapered core segment 15 is about Z"" to about 10°, whereas the taper of 
the second tapered core segment 16, i.e. the angle between the longitudinal 
axis and the second tapered core segment is larger than the first angle and is 
about d"" to about l O*" such as js shown in the enlarged view of the guidewire 10 

10 in Fig. 4. While only two tapered core segments are shown in the drawings, any 
number of tapered core segments can be employed. Moreover, all of a multiple 
of tapered, core segments need not have increasing degrees of tapers In distal 
direction. However, two or more contiguous tapered core segments over a 
length of about 5 to 15 cm should have distally increasing degrees of tapering, 

15 Typically, the first tapered segment is about 3 cm in length and the 

second tapered segment is about 4 cm in length. In one embodiment, the 
guidewire 10 has a proximal core section 12 of about 0.014 inch (0.36 mm) in 
diameter, the first tapered core segment has a diameter ranging from 0.014 inch 
down to about 0.008 inch (0.36-0.20 mm) and the second tapered core segment 

20 has a diameter ranging from about 0.008 to about 0.002 inch (0.20-0.05 mm). A 
flattened distal tip 18 extends from the distal end of the second tapered core 
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segment 16 to the body of solder 20 which secures the distal tip 18 of the core 
member 11 to the distal end of the helical coil 14. A body of solder 21 secures 
the proximal end of the helical coil 14 to an Intermediate location on the second 
tapered segment 16. 

The core member 11 is coated with a lubricious coating 19 such as a 
fluoropolymer, e.g. TEFLON © available from DgPont, which extends the length 
of the proximal core section 12. The distal section 13 is also provided a 
lubricious coating, not shown for purposes of clarity, such as a MICROGLIDE ™ 
coating used by the present assignee, Advanced Cardiovascular Systems, inc. 
on many of its commercially available guidewires. Hydrophilic coating may also 
be employed. The proximal section 12, distal section 13, helical coil 14, or any 
other desired portion of the guidewire 10, or any suitable portion of any other 
guidewire embodiment described herein, may be coated with either of the two 
coatings MICROGLIDE ™ or TEFLON®, or any other suitable lubricious 
coating. 

The elongate core member 11, and the core member of any other 
guidewire embodiment discussed herein, may be formed of high strength metals 
and alloys such as stainless steel, high tensile stainless steel such as hi-ten 
304V, precipitation hardenable alloys, including precipitation hardenable 
stainless steel and other high strength alloys such as MP35N, L605, Elgilpy and 
the like. The core member 11 may also be made fronn superelastic, 
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pseudoelastic or shape memory alloys such as NiTL NiTi alloys or combinations 
thereof are described in U.S. Patent No. 5,341,818 (Abrams et al) which is 
incorporated herein. High strength alloys for use in guidewires are described in 
U.S. Patent No. 5.636,641 (Fariabi), which is also incorporated herein by 
reference. 

The helical coil 14 is formed of a suitable radiopaque material such as 
platinum or alloys thereof or formed of other material such as stainless steel and 
optionally coated with a radiopaque material such as gold. The wire from which 
the coil is made generally has a transverse diameter of about 0.003 inch (0.05 
mm). The overall length of the cojl 14 is typically about 3 cm. Multiple turns of 
the distal portion of coil 14 may be expanded or stretched to provide additional 
flexibility, 

In the embodiment shown in Fig. 5, the flattened distal segment of the 
core member shown in Fig. 1 is replaced with a shaping ribbon 30 whicii is 
secured at its distal end to the distal end of the coil 14 and at its proximal end to 
the distal extremity of the core member 11. 

While the embodiments described above are directed to tapered 
segments with constant tapers along their lengths, the taper need not be 
constant. For example, the tapers of contiguous core segments may be 
gradually increasing in the distal direction, with the taper, i.e. a tangent line, 
crossing the junction between the two adjacent tapers being a continuous 
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function. Guidewires are generally about 90 to about 300 cm in length, and most 
commercially available guidewires for the coronary anatomy are either about 
175 cm or about 190 cm in length. 

Multiple tapers may be ground simultaneously or as separate operations. 
A centerless grinder with profile capabilities may be used to grind the tapers 
simultaneously. A manual centerless grinding may be employed to create 
separate tapers in separate operations. Tapers may also be formed by other 
means such as chemical means, e.g. etching, or laser means. 

Another embodiment of the invention can be seen in FIG. 6 vyhich is a 
distal portion of an intracorporeal device in the form of a guidewire 40. The 
guidewire 40 has an elongate core member 41, with a longitudinal portion 42, 
the longitudinal portion has a substantially linear change in stiffness along its 
length 43. The length 43 of the longitudinal portion can be up to 60 cm, 
specifically about 5 to about 35 cm, more specifically about 10 to about 25 cm. 
The longitudinal portion 42 tapers distally to a smaller transverse dinriension or 
diameter to a more flexible distal segment A flexible body 44 having a proximal 
end 45 and a distal end 46 is secured at its distal end 46 to a distal end 47 of a 
distal segment 48 of the elongate core member 41 by a first body of solder 51. 
The proximal end 45 of the flexible body 44 is secured to the longitudinal portion 
42 of the elongate core member by a second body of solder 52. The proximal 
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end 45 of the flexible body 44 can be secured to any portion of the elongate 
core member 41 proximal of the distal end 47 of the distal segment 48, 

The longitudinal portion 42, and optionally the entire elongate core 
member 41 of the guldewire 40, is made from high tensile stainless steel, or hi- 
ten 304 stainless steel. The longitudinal portion 42 can also be made from other 
high strength metals or alloys, some of which are precipitation hardenable, such 
as those discussed above, including 304 stainless steel, MP35N and L605. The 
longitudinal portion 42 may also be made from pseudoelastic alloys, such as 
NiTi. The longitudinal portion 42 has a curvilinear profile with a smooth 
continuous change In taper angle oyer its length 43. The curvilinear profile of 
the longitudinal portion 42 can substantially follow the formula 



64CL ^ , 
+ Do* 



where Dl is the diameter of the longitudinal portion at length L from a position of 
starting diameter Do, E is the modulus of elasticity of the core member material, 
and C Is a constant that is determined by the boundary conditions of the 
longitudinal portion. Such a curvilinear profile generally yields a longitudinal 
portion 42 having a substantially linear change in stiffness with regard to 
position along the longitudinal portion. 

The constant C is determined by the boundary conditions of a desired 
section using the equation 
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where a desired starting diameter Do, finish diameter Dl, length of the section 
having a linear change in stiffness L, and modulus of elasticity E of the section 
material are inserted into the equation which is then solved for C. 

A typical modulus of elasticity for 304 stainless steel is approximately 28 x 
10^ psi. An example of a set of values for a longitudinal portion 42 having 
features of the invention are 0.002 inches for a starting diameter Do , 0.013 
Inches for a finish or ending diameter Dl, 20 cm for the length of the longitudinal 
portion L, and 28 x 10^ psi for the modulus of elasticity of the core member E. 
Solving for C yields a constant value of about 0.005 pound-inches. Another 
example of a set of values for a longitudinal portion 42 having features of the 
invention are 0.0025 inches for a starting diameter Do , 0.0076 inches for a finish 
or ending diameter Dl, 25 cm for the length of the longitudinal portion L, and 30 
X 10® psi for the modulus of elasticity of the core member E. Solving for C yields 
a constant value of about 0.00049 pound-inches. 

Another approach for achieving a substantially linear change in stiffness 
in a longitudinal portion 42 of elongate core member 41 is to vary the moment of 
inertia along the longitudinal portion according to the formula 
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where II is the moment of Inertia of the elongate core member at length L from a 
position of starting inertia lo , E is the modulus of elasticity of the core material, 
and C is a constant that is derived from the boundary conditions of the 
longitudinal portion. The constant C is determined by inserting the values of a 
desired starting moment of inertia Iq, finish moment of Inertia II, length of section 
of linear change in stiffness L, and modulus of elasticity E into the equation and 
solving for C, 

The moment of inertia of a point on a longitudinal portion 42 or elongate 
core member 41 can be varied by controlling the diameter in a round cross 
section as discussed above. Other variations in transverse cross section shape 
and configuration can be made in embodiments having non-round transverse 
cross sections. Finally, because bending stiffness is equal to the modulus of 
elasticity multiplied by the moment of inertia, the bending stiffness may be 
controlled by adjusting the modulus of elasticity along the length of a longitudina! 
portion 42 or elongate core member 41 in order to produce a linear change in 
stiffness along the longitudinal portion. 

FIG. 7 is a transverse cross sectional view of the guidewire 40 of FIG. 6 
taken at lines 7-7 of FIG. 6. The elongate core member 41 is shown having a 
round cross section. The core member 41 may optionally be coated with a 
lubricious coating 53. The coating 53 is preferably a hydrophilic polymer, but 
may also be inade of polymers such as TFE or the like, FIG. 8 is a transverse 
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cross sectional view of the guidewire 40 in FIG. 6 taken at lines 8-8 of FIG, 6. 
The flexible body 44 is in the form of a helical coil which is disposed about the 
distal segment 48 of the elongate core member 41 . The distal segment 48 of 
the elongate core member is flattened to improve shapabiljty of the distal 
5 segment. 

FIG. 9 is an elevational view of a guidewire 60 having features of the 
invention. The guidewire 60 has an elongate core member 61 with a 
longitudinal portion 62 having a plurality of tapered segments 63 tapering distally 
to a more flexible distal segment 64. Transition points 65 are disposed between 

10 adjacent tapered segments 63. A flexible body member 66 is disposed over the 
distal segment 64 and the longitudinal portion 62. The flexible body 66 has a 
proximal end 67 and a distal end 68 with the distal end 68 of the flexible body 
being secured to a distal end 71 of the distal segment 64 of the elongate core 
member 61 with a first body of solder 72. The proximal end 67 of the flexibSe 

15 body 66 is secured to the longitudinal portion 62 with a second body of solder 
73. The proximal end 67 of the flexible body 66 may also be secured to any 
suitable portion of the elongate core member 61 or any suitable portion of the 
distal segment 64, In one embodiment, each tapered segment 63 of the 
longitudinal portion 62 has a substantially constant taper angle with the taper 

20 angle of each tapered segment being greater than the tapered segment 
proximally adjacent thereto.. The diameter of the longitudjnal portion 62 at th^ 
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transition points 65, or alternatively midpoints 74, of the tapered segments can 
substantially follow the formula 



where Pl is the diameter of the longitudinal portion at a transition point at length 
5 L from a position of starting diameter Do, E is the modulus of elasticity of the 
core member material, and C is a constant that is determined by the boundary 
conditions of the longitudinal portion. The determination of the constant C is 
performed in a manner similar to the determination of the constant C discussed 
above with regard to the embodiment of FIG. 6. The tapered segments 63 of 

10 the longitudinal portion 62 or core member 61 can be up to 10 inches in length, 
specifically about 0.1 to about 5 inches in length, more specifically about 0.25 to 
about 3 inches in length. 

FIG. 10 is an elevational view of a guidewire 80 having features of the 
invention. The guidewire 30 has an elongate core member 81. A shaping 

15 ribbon 84 having a proximal end 85 and a distal end 86 has its distal end 86 
secured to the distal end 82 of the flexible body 83 with a first body of solder 88. 
A proximal end 91 of the flexible body 83 and the proximal end 85 of the 
shaping ribbon 84 are secured to a distal end 89 of a longitudinal portion 92 with 
a second body of solder 93. The guidewire 80 has a longitudinal portion 92 
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configured to produce a substantially linear change in bending stiffness similar 
to the longitudinal portion 42 of FIG. 6, 

FIG. 11 is a graph of values determined for a typical guidewire core 
member with diameter being represented in inches along the vertical axis of the 
graph and length or axial distance from a starting point on the core member 
represented in inches along the horizontal axis of the graph. At the starting 
point A of the graph, the diameter of the core member is approximately 0.0022 
inches. Point A represents the core at a distal end of a distal segment. The 
distal segment of the core member continues proxirnally until the distal end of 
the tapered longitudinal portion of the elongate core is reached, which is 
represented by point B on the graph. Moving proximally from the junction of the 
distal segment and the tapered longitudinal portion, the diameter of the core 
member increases proportionally with a length from the junction. This type of 
tapered longitudinal portion is representative of a typical tapered guidewire 
section having a constant taper angle over the length of the section. The taper 
diameter increases proximally until the junction between the tapered longitudinal 
portion meets the constant diameter section of the elongate core which is 
represented by point C on the graph. 

FIG. 12 is a graph of relative bending stiffness values of the elongate core 
member of FIG. 11 along its axial length. As can be seen from the graph of FIG. 
12, the plot of bending stiffness of the tapered longitudinal portion starting at 
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point B and proceeding proximaiiy to point C is not a straight line. There is a 
curvature to the plot which becomes progressively steeper as point C is 
approached. Near point C, the plot becomes quite steep, which represents an 
abrupt change in bending stiffness in the vicinity of point C. 

FIG. 13 is a plot or graph of the diameter of a guidewire core versus the 
axial position of the diameter in a core having a longitudinal portion with a 
substantially linear change In bending stiffness. The graph begins at point B at 
length 0 with the core member having a diameter of about 0.002 inches. Point B 
of FIG. 13 has a similar starting diameter to point B in FIG. 11. FIG. 13 is 
representative a graph of stiffness values for ah embodiment of the Invention 
having a plurality of tapered segments, with each tapered segment having a 
substantially constant taper angle. The change in diameter or taper angle of the 
tapered segments is greater at the distal end of the longitudinal portion and 
decreases proximaiiy. The slope of the graph or taper angle for each tapered 
segment is less than that of the tapered segment that is distally adjacent. The 
profile of transition points between each pair of adjacent tapered segments of 
the longitudinal portion depicted by the graph of FIG. 13 substantially follows the 
formula 



En 
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where Pl is the diameter of the longitudinal portion at a transition point at length 
L from a position of starting diameter Do, E is the modulus of elasticity of the 
core member material, and C is a constant that is determined by the boundary 
conditions of the longitudinal portion. 
5 FIG. 14 depicts typical relative bending stiffness value^ of a core member 

versus axial or longitudinal position along the length of the core member. The 
core member has a longitudinal portion with a taper profile configured to 
generate a linear change in bending stiffness. The plot from point B to point C 
does not change appreciably in slope which indicatos a constant change in 

10 stiffness over that section: This graph is not indicative of the progressively 
steeper slope found on the stiffness curve of FIG. 12 where an abrupt change in 
stiffness is noted at point C, in addition to other points. 

Bending stiffness can be measured in a variety of ways. Typical methods 
of measuring bending stiffness include extending a portion of the sample to be 

15 tested from a fixed block with the sample immovably secured to the fixed block 
and measuring the amount of force necessary to deflect the free end of the 
sample, i.e., the end that is away from the fixed block, a predetermined 
distance. A similar approach can be used by fixing two points along the length 
of a sample and measuring the force required to deflect the middle of the 

20 sample by a predetermined amount of displacement. Those of ordinary skill in 
the art w|l! realize that a large number of variations on these basic methods exist 
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including measuring the amount of deflection that results from a fixed lamount of 
force on the free end of a sample, and the like. Although the graph of FIG. 14 
shows relative bending stiffness in terms of grams per millimeter, the values 
shown were derived from a specific test apparatus using the methods discussed 
5 above. Other methods of measuring bending stiffness may produce values in 
different units of different overall magnitude. 

FIG. 15 depicts typical relative bending stiffness values of a longitudinal 
portion of another embodiment of a core member versus axial position along the 
core member The slope of the graph from point A to point B is essentially 
10 constant, indicating a substantially constant change in bending stiffness from 
point A to point B. 

It may be desirable to have multiple tapered longitudinal portions or 
sections having a varied flexibility. Any combination of multiple longitudinal 
portions may be used including sections having a substantially constant taper 

15 angle, sections having a substantially linear change In stiffness along a length 
thereof, or sections of substantially constant diameter along a length thereof. In 
FIG. 16, an embodiment of an elongate core member 99 has a longitudinal 
portion 100 of substantially linear change in stiffness intermediate to a distal 
segment 101 having a substantially constant diameter and a constant taper 

20 section 102 with a constant taper angle increasing in diameter proximally. The 
distal segment 101 has a diameter of about 0.002 to about 0.003 inches, and a 
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length of about 3 to about 6 cm. The longitudinal portion 100 having a 
substantially linear change in stiffness is about 16 to about 25 cm in length and 
tapers to an increased diameter proximally from about 0.002 to about 0.003 
inches at a distal end of the longitudinal portion to about 0.0065 to about 0,0085 
5 inches at a proximal end of the longitudinal portion. The constant taper section 
102 tapers proximally from a diameter of about 0.0065 to about 0.0085 inches at 
its distal end to an increased diameter of about 0.012 to about 0.014 inches at 
its proximal end. 

FIGS. 17-19 show a guidewire 110 having an elongate core member 111 
10 with a proximal section 1 12 and a distal section 1 13. The distal section 113 has 
a longitudinal portion 114 with a curvilinear taper 115 tapering distally to a 
reduced transverse dimension. A distal segment 116 is disposed at a distal end 
117 of the longitudinal portion 114 which is flattened to form a more shapable 
distal end of the guidewire. An optional flexible body 121 in the form of e 
15 proximal helical coil 122 and a distal helical coil 123 is disposed about the distal 
section 113 of the elongate core member 111 and the distal segment 116. The 
proximal helical coil 122 is secured at its distal end 122A to a proximal end 123A 
of the distal coil 123 by a body of solder 121 A. A proximal end 122B of the 
proximal helical coil 122 is secured to the elongate core member 111 on the 
20 longitudinal portion 114 with a body of solder 122C. A distal end 123B of the 
distal helical coil 123 is secured to the distal end 124 of the distal segment 116 
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by a body of solder 125. The body of solder 125 can provide an enlarged body 
relative to a transverse dimension of the distal segment 116 which serves to 
mechanically secure the polymer layer 126 and helical coll 121 to the distal 
segment. A polymer layer 126 is disposed about the distal section 113 of the 
5 elongate core member 111 iand the helical coil 121. A lubricious coating 127 is 
optionally disposed on an outer surface 128 of the elongate core member 111 
and an outer surface 131 of the polymer layer 126. A hydrophilic polymer 
coating may be used for lubricious coating 127 or any other lubricious coating 
discussed herein with regard to other embodiments. Other lubricious materials 

10 such as HYDROGLIDE^'^ and TEFLON® may also be used on any of the 
embodiments discussed herein. 

In one embodiment, the lubricious coating 127 generally includes a base 
coat and a top coat. The base coat has a binding component and a grafting 
component, and is used to strongly adhere to the surface of the device and aiso 

15 to strongly bond to the top coat. Specifically, the binding component binds to 
both the top coat and to the grafting component, and the grafting component 
adheres to the device surface. The base coat containing the grafting 
component and binding component in a suitable carrier such as a solution is first 
applied to the surface of the device. The base coat is preferably polymerized, 

20 e.g., exposed to polymerizing radiation to polymerize the grafting component, 
and the grafting component is bonded to the binding cornponent and adhered to 
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the surface of the device to form a base coat on the device. The device is then 
coated with a top coat containing a desired therapeutic, diagnostic, or 
hydrpphilic agent. 

The top coat may be applied in a solution which is allowed to evaporate, 
to form a top coat with a therapeutic, diagnostic, or hydrophilic agent. In another 
embodiment, the device is coated with_ a top coat comprising a linking agent, 
and the linking agent is exposed to the therapeutic, diagnostic, or hydrophilic 
agent to form a complex therewith, to thereby form the therapeutic, diagnostic or 
hydrophilic coating of the invention. Because the top coat bonds to the base 
coat, the therapeutic, diagnostic, or hydrophilic coating produced will not readily 
wear off. 

In one embodiment, the base coat comprises a binding component which 
is a homofunctiona! compound having homofunctional groups which covalently 
bond to functional groups in the top coat. In a preferred embodiment, the 
homofunctional binding component is grafted to the grafting component by a 
hydrogen abstraction mechanism, in which the grafting component is activated 
by initiators and covalently bonds to the binding component. In another 
embodiment, the base coat comprises a binding component which is a 
heterofunctional compound having a first functional group for covalently bonding 
with the grafting component, and a second functional group for covalently 
bonding to functional groups in the top coat 
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As mentioned aboye, the binding component of the base coat bonds to 
the top coat In one embodiment, the therapeutic, diagnostic, hydrophilic or 
other active agent has functional groups which directly bond to functional groups 
of the binding component. In another embodiment, the therapeutic, diagnostic, 
or hydrophilic agent is bound to the binding component by a linking agent in the 
top coat The linking agent may inherently have functional groups, or may be 
modified to include functional groups, which bond to functional groups of the 
binding component The linking agent may be bound to the base coat and 
thereafter exposed to the therapeutic, diagnostic or hydrophilic agent or 
alternatively, the linking agent may be exposed to the agent before or during the 
binding of the linking agent to the base coat. 

A variety of suitable linking agents may be used, including avidin-biotin 
complexes, and functionalized liposomes and microsponges and microspheres. 
Avidin is a polypeptide composed of at least 128 amino acid residues. Typically 
however, the single polypeptide chain is a subunit associated with three 
essentially identical polypeptide chains, forming a tetramer. Avidin as a receptor 
is typically used in conjunction with its highly specific ligand, biotin, 
C10H16N2O3S. An avidin tetramer will bind 4 biotin molecules in solution in a 
noncovalent Interaction which has a binding constant of at)out 10^^ M'\ a half- 
life in vivo of about 89 days, and which is essentially undisturbed by organic 
solvents. . 
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Biotinylation, or the process of covalently binding biotin to another 
molecule, typically takes place by N-hydroxysuccinimlde binding. Spacer 
molecules may be inserted between the avidin and the base coat, or between 
the biotin and the therapeutic or diagnostic agent, as is known in the art, to 
facilitate avidin-biotin binding or improve the activity of the therapeutic or 
diagnostic agent. The avidin or the biotin molecule may be chemically altered to 
decrease the binding constant, to thereby tailor the dissociation rate in vivo, and 
provide controlled release of the therapeutic or diagnostic agent bound thereto. 
Avidin and biotin are available from a variety of commercial suppliers, such as 
Sigma. 

In one embodiment, avidin covalently binds to the binding component of 
the base coat, and binds to a biotinylated therapeutic or diagnostic agent, such 
as a biotinylated protein, antibody, peptide or oligonucleotide. However, the 
avidin-biotin linking agent may alternatively have biotin moieties covalently 
bound to the binding component of the base coat, and avidin moieties bound to 
the therapeutic or diagnostic agent. Alternatively, biotin may be covalently 
bound to the base coat and to the therapeutic or diagnostic agent, with avidin, 
by virtue of its multivajency with biotin, binding the two biotin moieties together. 

in another embodiment, a base coat is not used, and a lubricious coating 
127 is provided, which is a hydrophilic coating generally including a hydrophiiic 
polymer, an ionic compound with at least prie inorganic ion, and a grafting 
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component. The grafting component is polymerized as outlined above, so that 
the grafting component grafts to the device and crosslinks to the hydrophilic 
polymer, to form a hydrophilic coating on the device. When the coated device is 
hydrated, the coating absorbs water and is highly lubricious, but does not 
dissolve in the aqueous or blood medium because the hydrophilic polymer is 
immobilized by the grafted network. Moreover, the ionic compound, or salt, 
increases the lubricity of the hydrophilic coating by providing uncrosslipked 
domains in the crosslinked matrix. 

Because the ability of a hydrophilic polymer to absorb water is decreased 
when the polymer is crosslinked, the salt enhances the polymer lubricity by 
disrupting the crosslinking of the hydrophilic polymer into the grafting component 
crosslinked network. Therefore, when the hydrophilic coating Is hydrated by 
exposure to a solvent and the salt dissolves, these uncrosslinked domains 
provide additional lubricity by increasing the contact between the hydrophilic 
polymer and the countersurface, e.g. the patient's vessel wall, and hence 
additional lubricity. 

The coating can be applied to any device having a polymeric surface, as 
for example, a catheter formed of conventional materials, or a metal device, 
such as a metal guidewire or stent, having a polymer primer coat. For example, 
the catheter components may be formed of high density poiyethySeoe, 
polyethylene terephthalate, and polyolephinic ionpmers such as Surlyn®, nylon 
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and the like which are frequently used to form dilatation balloons or catheter 
shafts. Additionally, the therapeutic, diagnostic, or hydrophilic coating of the 
invention can be applied directly to a metal device. For example, in the 
embodiment of the invention having a base coat and a top coat, the base coat 
adheres, as by Van der Waals forces, to the metal surface of the device, so that 
a polymeric primer coat need not be used. 

In the embodiment of the coating of the Invention having a hydrophilic 
agent, the coated device has a superior hydrophilic coating which is highly 
lubricious against biological tissue and is strongly bound to the device surface 
due to the grafting component used alone or in combination with the binding 
component. In the case of a guidewire, the coating serves to enhance device 
access to distal lesions and the ease with which a device crosses small 
diameter athlerosclerotic lesions. 

The elongate core member 111 can be made from a high tensile strength 
stainless steel, preferably Hi-Ten SOW stainless steel. The elongate core 
member 111, and the elongate core member of other guidewire embodiments 
discussed herein, can also be made from a variety of other suitable materials 
including superelastic and pseudoelastic alloys such as NiTi, stainless steels 
such as 304V and 31 6L, precipitation hardenable alloys such as precipitation 
hardenable stainless steel, MP35N, L605, Elgiloy and the like. The transverse 
dimension of the proximal section 112 of the elongate core member can be from 
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about 0.005 to about 0.040 inches, specifically about 0.01 to about 0.018 
inches, and more specifically about 0.013 to about 0.015 inches. 

The transverse cross section of the proximal section 112 of the elongate 
core member is shown as circular, but can also have any other suitable cross 
sectional configuration such as ellipfical, triangular, square or rectangular. The 
transverse dimension of the proximal section 112 of the elongate core member 
i$ typically constant over at least a substantial portion of its length, however, the 
proximal section may also have tapered longitudinal portions. 

The distal section 113 of the elongate core member 111 has a 
longitudinal portion 114 and a distally contiguous distal segment 116. The distal 
segment 116 may be a continuation of the elongate core member 111 as 
shown, or it may be a separate shaping ribbon secured to the elongate core 
member by adhesives, epoxies, soldering, welding or the like. The longitudinal 
portion 114 has a curvilinear taper 115 tapering in a distal direction to a smaller 
transverse dimension. As discussed abov^, the proximal section of the elongate 
core member may have a transverse dimension of about 0.005 to about 0.04 
inches, specifically about 0.01 to about 0.018 inches, and more specifically 
about 0.013 to about 0.015 inches. The longitudinal portion 114 tapers from the 
nominal transverse dimension of about 0.014 inches at a proximal end of the 
longitudinal portion to a transverse dimension of about 0.005 inches at the 
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transition between a distal end of the longitudinal portion 114 and a proximal 
end of the distal segment 116. 

The curvilinear taper 115 of the longitudinal portion 114 may be of any 
suitable profile which produces a smooth transition in flexibility, without abrupt 
changes in transverse cross section resulting in abrupt changes in flexibility 
which can adversely affect a user's tactile feel during advancement of the 
guidewire into an Itracorporeal space. The profile of the curvilinear taper 115 
may yield a linear change in stiffness with regard to axial position as discussed 
above. 

Generally, the length of the longitudinal portion 114, and other longitudinal 
portions of guidewire embodiments discussed herein, may be of a significant 
value relative to the overall length of the elongate core 111; More specifically, 
the length of the longitudinal portion should be at least 2 or 3 times the 
transverse dimension of the elongate core at the location of the section. The 
longitudinal portions of the invention discussed herein are not generally meant 
to encompass the short transitions between tapered sections of constant taper 
angle of guidewire cores known in the art. Short transition portions of guidewire 
cores between tapered sections of constant taper angle may have a variety of 
profiles, including curvilinear, due to imperfections in the tools used to cut or 
grind the cores. A longitudinal portion of the present invention can be of a 
length sufficient. to produce a measurat)le effect on guidewire performance, as 
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mentioned above, at least 2 to 3 times the transverse dinriension of the elongate 
core. Typically, the longitudinal portion 114 can have a length of about 0.1 to 
about 60 cm, specifically about 5 to about 35 cm, more specifically about 15 to 
about 25 cm, 

The distal segment 1 16 Is configured to produce shapability and can have 
a length of about 0.5 to about 15 crn, specifically about 2 to about 10 cm, and 
more specifically about 4 to about 6 cm. The distal segment 116, and the distal 
segment of other embodiments of the invention discussed herein, may have a 
variety of configurations to facilitate shapability and prevent prolapse during use. 
Some of the configurations include a stepped taper, tapered flat, compound 
taper and the like. Stepped tapered configurations of the distal segment can 
include a single step fiat, or multiple step flats, with 2 to 10 steps being 
preferred, and 3 to 5 steps being typical. 

In one embodiment, the distal segment 116 can have at least two 
opposed tapered faces tapering distally over the length of the distal segment to 
a smaller transverse separation. Optionally, the opposed tapered faces of a 
distal segment may be mirror images of each other and parallel to each other as 
well as distally tapering at the edges. ^aIso, the tapered faces may have a 
curved profile in a longitudinal direction or they may have a straight surface 
profile in a longitudinal direction. 
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The distal helical coil 123 can be formed, at least in part, of a radiopaque 
metal such as a platinum-nickel or platinum-iridium-tantalum alloy. The proximal 
helical coil 122 can be made from 304V stainless steel. Other materials suitable 
for the proximar helical coil 122 and the distal helical coil 123, and suitable for 
the helical colls of other embodiments of the invention discussed herein, can 
include radiopaque metals and alloys such as gold, platinum, platinum iridium, 
tungsten, tantalum and radiojucent metals such as 304 and 316 stainless steel, 
MP35N, L605 and Elgiloy, and any combination thereof. The use of multiple coil 
segments as well as a method of joining various coil segments for use in 
guidewires can be found |n U.S. Patent No. 4,538,622 (Samson et aL), which is 
hereby incorporated by reference herein in its entirety. 

Generally, the flexible body 121 has an inner transverse dimension suited 
for positioning of the flexible body 121 over the distal segment 116 and the distal 
section 113 of the elongate core member 111, including a portion of the 
longitudinal portion 114. As noted above, the helical coils 122 and 123 can be 
secured to the elongate core member 111 and distal segment 116 by soldering. 
However, the helical coils 122 and 123 may also be secured to each other, the 
elongate core member 111, or the distal segment 116 by an epoxy, adhesive, 
weld or the like. Alternatively, the helical coils 122 and 123 may be held in place 
by the polymer layer 126 which covers the flexible body 121 and the distal 
section 1 1 3 of the elongate core member 1 1 1 . 



Attorney Doc. No. 22966-4620 

44 

The helical coils 122 and 123 can be made from round wire stock or from 
material having alternative cross sectional shapes such as flat ribbon and 
semicircular The wire stock of helical coils 122 and 123 can have a transverse 
dimension of about 0.0005 to about 0.01 inches, specifically about 0.001 to 
about 0.005 inches, and more specifically about 0.002 to about 0.004 inches. 
The helical coils 122 and 123 can have adjacent coil spacing of up to about 
200%, specifically about 20% to about 100%, and more specifically about 55% 
to about 65%. Coil spacing percentage as used herein is defined as the 
percentage of the distance between adjacent coil loops relative to the thickness 
or transverse dimension of the coij material or stock. For example, a coil wound 
from round wire stock having a diameter of 0.003 inches with a gap or space 
between adjacent coil loops of 0.003 inches would have 100% coil spacing. 

The alternative to a spaced helical coll is a stacked helical coil with each 
individual loop of the coil in contact with adjacent coils or coil loops, 
corresponding to a zero coil spacing percentage. In addition, the helical coils 
122 and 123 may be partially spaced and partially stacked or have varying 
percentage spacing over its length, or any combination of these variations. Any 
of the properties of helical coils 122 and 123 described above can be shared 
with the helical coil of other embodiments of the invention described herein. 

The polymer layer 126 may completely or partially encapsulate the distal 
section of the elongate core meniber 111. The polymer layer generally makes 
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contact with the distal section 113, of the elongate core member 111 where 
there Is no flexible body 121. In areas of the elongate core member 111 
covered by helical coils 122 or 123, the polymer layer 126 may be applied over 
the helical coils and not penetrate into the coils, or the polymer layer 126 may 
be applied so as to penetrate helical coils 122 and 123 and make contact with 
the elongate core member 111, thereby completely encapsulating the helical 
coils and elongate core member where the polymer layer is so applied. 

The polymer layer 126 may also be configured to penetrate the helical 
coils 122 and 123, or any similar flexible body 121, to any desired intermediate 
degree. For example, the polymer layer 126 could be configured to penetrate 
helical coils 122 and 123 completely, but not make contact with the elongate 
core member 11 1 or distal segment 116; The body of solder 125 may optionally 
be left uncoated by the polymer layer 126 in order to partially expose the body of 
solder 125. 

The polymer layer 126 has an outer transverse dimension similar to that 
of the proximal section 112 of the elongate core member 111 which provides a 
guidewire with a substantially constant outer transverse dimension which 
translates smoothly in an axial direction within catheter lumens, intracorporeal 
channels, or the like. The outer transverse dimension of the polymer layer 126 
can also be varied along the axial length thereof in order to produce a tapered 
outside dimension over the effected area of the guidewire 110. Such a tapered 
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outside dimension can be oonfigured to taper distally or proximally to a reduced 

transverse dimension. 

The polymer layer 126, and any of the polymer layers discussed herein, 

can be made from a variety of suitable polymers, including polyurethanes, 
5 including polyurethane thermoplastic elastomers; polyamides (nylons); 

polyethers; polyesters; polyacetals; acrylics; methacrylics; cellulosics; 

fluoropojastics; epoxies; keton^based resins and polymers; polyimide based 

resins and polymers; bismaleimides; nitrijes; polyarylates; polycarbonates; liquid 

crystal polymers; terephthalate resins and polymers including polybutylene 
10 terephthalate and polyethylene terephthalate; polyetherimides; polyolefins 

including polyethylenes, polypropylenes, polybutylenes, polybutadlenes; 

polyvinyls including polystyrenes and polyvinyl chlorides; elastomers especially 

thermoplastic elastomers; silicones; rubbers; ionomers; ceramers; dendritic 

polymers; and derivatives, copolymers, multipolymers, blends and/or mixtures of 
15 any of the previous listed resins and polymers within each group and between 

each group. This latter includes polyether block amide elastomers such as 

COPA and PEBAX, 

Any of the aforementioned polymers may be loaded with additives to 

control the physical properties such as flexural modulus, hardness, and 
20 radiopacity. The shore hardness of the polymer layer 126 can range from about 
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50A to about 55D, preferably about 80A to about 50D, and more preferably 
about 85A to about 95A. 

The axial length of the polymer layer 126 can be configured to cover the 
entire length of the guidewire, but generally has a length coextensive with the 
distal section 113. The axial length of the polymer coating is typically from 
about 5 cm to about 50 cm, preferably about 10 to about 45 cm, and more 
preferably about 30 to about 40 cm. The polymer layer 126, and any of the 
other polymer layers discussed herein, can be applied by heat shrinking, 
dipping, spraying, painting, vapor deposition, coextrusion, molding or the like. 
The polymer layer 126 can be polyurethape applied by ah extrusion process 
which produces a polymer layer having a substantially constant outer diameter 
and produces a smooth continuous outer surface. Such a process is described 
subsequently herein. 

FIGS. 20-22 show a guidewire 140 having an elongate core member 141 
with a proximal section 142 and a distal section 143. The distal section 143 has 
a longitudinal portion 144 with a curvilinear taper 145 tapering distally to a 
reduced transverse dimension. A distal segment 146 is disposed at a distal end 
147 of the longitudinal portion 144 which is flattened to form a more shapable 
distal end of the guidewire 140. An optional flexible body in the form of a helical 
coil 151 is disposed about the distal section 143 of the elongate core member 
141. The helical epil 151 has a proximal end 152 and a distal end 153. A first 
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polymer layer 156 is disposed about the distal section 143 of the elongate core 
member 141 and the helical coil 151. A second polymer layer 157 is disposed 
about an outer surface 161 of the first polymer layer 156. 

A lubricious coating 162 is optionally disposed on an outer surface 163 of 
5 the elongate core member 141 and an outer surface 164 of the second polymer 
layer. In some embodiments, the materials and dimensions of the first polymer 
layer 156 and second polymer layer 157 can be chosen to have differing 
properties to facilitate manufacture of the guidewire 140 and enhance the 
performance of the guidewire. In one embodiment, the first polymer layer 156 

10 can be made of an ultraviolet light curable material, specifically, a U.V. curable 
polyurethane, that can be applied by dipping or spraying over the distal section 
143 of the guidewire and then cured by exposing the material to ultraviolet 
radiation. Applying and curing a thin U.V. adhesive or the like over the distal 
section 143 and helical coil 151 reduces movement of the helical coil 151 In 

15 relation to the distal section 143 which makes the subassembly more stable as 
the second polymer layer 157 is applied. In addition, a thin layer of U.V. curable 
polymer, specifically, a U.V. curable polyurethane, can be applied to the distal 
section 143 and cured prior to positioning the helical coil 151 over the distal 
section 143. Such a thin layer of U.V- curable polyurethane or the like can 

20 prevent the second polymer layer 157 from making contact with and adhering to 
_ the distal section . 143 upon application. This can relieve stresses that can build 
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up during construetion of the guidewire 140 and provide for improved handling 
characteristics. Also, the first polymer layer 156 may consist of a thin layer of 
lubricious material that prevents the second polymer layer 157 from adhering to 
the distal section 143 during application in order to achieve a similar result. One 
example of such a lubricious material Is silicone oil or the like. 

Many of the coating processes used to apply polymers, such as 
polyurethanes, can subject the helical coil 151 to mechanical stresses that can 
distort the configuration of the helical coil. The application of a U.V. curable 
adhesive as a first polymer layer 156 by dip or spray coating can eliniinate this 
problem. Both the first polymer layer and the second polymer layer can also be 
made from a variety of other suitable materials such as those noted above with 
regard to polymer layers of other embodiments. Excepting noted differences, 
the features, dimensions, materials and any variations thereof for the various 
elements of guidewire 140 can be generally the same as the features, 
dimensions, materials and variations thereof of similar elements of guidewire 
110 discussed above. 

FIGS. 23-25 show a guidewire 170 having an elongate core member 171 
with a proximal section 172 and a distal section 173. The distal section 173 has 
a longitudinal portion 174 with a curvilinear taper 175 tapering distally to a 
reduced transverse dimension. A distal segment 176 is disposed at a distal end 
177 of the longitudina! portion 174 which is flattened to form a more shapable 
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distal end of the guidewire, A flexible body in the form of a helical coil 181 is 
disposed about the distal section 173 of the elongate core member 171 and has 
a proximal end 182 and a distal end 183. The helical coil 181 is attached at Its 
distal end 183 to a distal end 184 of the distal segment 176 by a body of solder 
185. The distal end 183 of the helical coil 181 has a stacked portion 186 to 
facilitate bonding with the body of solder 185 to the distal segment 176. 

A spaced portion 187 of the helical coil 181 is disposed proximally 
adjacent the stacked portion 186. A polymer layer 191 is disposed about the 
di$tal section 173 of the elongate core member 171 and the helical coil 181. A 
lubricious coating 192 is optjohally disposed on an outer surface 193 of the 
elongate core member and an outer surface 194 of the polymer layer. 
Excepting noted differences, the features, dimensions, materials and any 
variations thereof for the various elements of guidewire 170 can be generally the 
same as the features, dimensions, materials and variations thereof of similar 
elements of guidewires 110 and 140 discussed above. 

FIGS. 26-28 show a guidewire 200 having an elongate core member 201 
with a proximal section 202 and a distal section 203. The distal section 203 has 
a longitudinal portion 204 with a curvilinear taper 205 tapering distally to a 
reduced transverse dimension. A distal segment 206 is disposed at a distal end 
207 of the longitudinal portion 204 which is flattened to form a more shapable 
distal end of the guidewire. A body in the form of a helical coil 211 is 
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disposed about the distal section 203 of the elongate core member 201 and has 
a proximal end 212 and a distal end 213. The helical coil 211 is attached at its 
distal end 213 to a distal end 214 of the distal segment 206 by a body of solder 
215. 

The distal end 213 of the helical coil 211 has a stacked portion 216 to 
facilitate bonding with the body of solder 215 to the distal segment 206. A 
spaced portion 217 of the helical coil 211 is disposed proximally adjacent the 
stacked portion 216. A polymer layer 221 is disposed about the distal section 
203 of the elongate core member 201 and the helical coil 211. A lubricious 
coating 222 is optionally disposed on an outer surface 223 of the elongate core 
member 201 and an outer surface 224 of the polymer layer 221 . 

Disposed on the elongate core member 201 at regular intervals are 
radiopaque markers 225. The radiopaque markers 225 can be formed by a 
variety of materials and applied in various configurations. The radiopaque 
markers 225 can be made of a radiopaque metal, or an adhesive, polymer or ink 
doped with a radiopaque powder material, such as tungsten or the like. The 
dimensions of the radiopaque markers 225 should be suitable for accurate 
visualization with desired imaging techniques. 

Typically, the length of the radiopaque markers can be from about 0,1 to 
about 5 mm, specifically about 0.5 to about 2 mm, and more specifically about 1 
to about 1,5 mm. A transverse dimension of the radiopaque niarkers 225 can 
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be from about .002 to about 0.04 inch, specifically about .003 to about 0.02 inch. 
It should be noted, however, that the transverse dimension of a radiopaque 
marker 225 will generally be substantially commonsurate with a transverse 
dimension of the portion of the elongate core 111 on which the marker is 
5 disposed. Thus, the transverse dimension of the radiopaque markers 225 of 
guidewire 200 can vary similarly to the variation in transverse dimension of the 
elongate core member 1 11 . 

The axial spacing of the radiopaque markers 225 can be up to 50 mm, 
specifically from about 1 to about 20 mm, and more specifically about 5 to about 

10 15 mm with a 10 mm spacing being typical. However, any desired 
predetermined spacing can be used. The amount of the elongate core member 
201 having the radiopaque markers 225 disposed at regular intervals can be up 
to the entire length of the core member 201, specifically about 1 to about 20 cm 
of the core member, and more specifically about 2 to about 10 cm of the core 

15 member. Excepting noted differences, the features, dimensions, materials and 
any variations thereof for the various elements of guidewire 200 can be 
generally the same as the features, dimensions, materials and variations thereof 
of similar elements of guidewires 110, 140 and 170 discussed above. 

FIGS. 29-31 show a guidewire 230 having an elongate core member 231 

20 with a proximal section 232 and a distal secfion 233- The distal section 233 has 
a longitudinal portion 234 with a curvilinear taper 235 tapering distally to a 
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reduced transverse dimension. A distal segment 236 is disposed at a distal end 
237 of the longitudinal portion 234 which is flattened to form a more shapable 
distal end of the guidewire. A flexible body in the form of a helical coil 241 is 
disposed about the distal section 233 of the elongate core member 231 and has 
a proximal end 242 and a distal end 243. 

The helical coil 241 can be formed of radiopaque material and has 
spaced portions 246 which have greater spacing between adjacent coils than 
adjacent non-spaced portions 247 of the helical coil 241. The spaced portions 
246 provide regions of lower radiopacity relative to the radiopacity of the non- 
spaced portions 247. The non-$paced portions 247 may be stacked, i.e. 
adjacent coils touching or neariy touching each other, or may be merely spaced 
less than the coils of the spaced portions 246, 

A radiolucent material may be disposed in the spaced portions of the 
helical coil. The radiolucent material is optional, but may be desirable to 
facilitate securing of the helical coil 241 to the elongate core member 231 and 
the distal segment 236. A first radiolucent body of solder 251 and a second 
radiolucent body of solder 252 are shown securing the helical coil 241 to the 
distal segment 236. The first and second bodies of radiolucent solder 251 and 
252 can be made of common silver solder as is known in the art for securing 
guidewire components, however, any suitable bonding material can be used. 
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A polymer layer 253 is disposed about the distal section 233 of the 
elongate core member 231 and the helical coil 241 . A lubricious coating 254 is 
optionally disposed on an outer surface 255 of the elongate core member 231 
and an outer surface 256 of the polymer layer 253. The axial length and 
spacing of the spaced portions 24 or non-spaced portions 247 of the helical coil 
241 can be similar to the length and axial spacing of the radiopaque markers 
225 of guidewire 200 discussed above. Excepting noted differences, the 
features, dimensions, materials and any variations thereof for the various 
elements of guidewire 230 can be generally the same as the dimensions, 
materials and variations thereof of similar elements of guidewire 110 discussed 
above. 

FIGS. 32-34 show a guidewire 260 having an elongate core member 261 
with a proximal section 262 and a distal section 263. The distal section 263 has 
a longitudinal portion 264 with a curvilinear taper 265 tapering distally to a 
reduced transverse dimension. A distal segment 266 is disposed at a distal end 
267 of the longitudinal portion 264 which is flattened to form a more shapable 
distal end of the guidewire. A flexible body in the form of a helical coil 268 is 
disposed about the distal section 263 of the elongate core member. The helical 
coil 268 Is formed of a radiolucent material and has spaced portions 274 which 
have greater spacing between adjacent coils than adjacent non-spaced portions 
275 of the helical coi[ 268.. The non-spaced portions 275 may be stacked, i.e. 
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adjaiCQnt coils touching or nearly touching each other, or m^y merely he spaced 
less than the adjacent coils of the spaced portions 274. 

A first radiopaque body of solder 276 and a second radiopaque body of 
solder 277 are shown securing the helical coil 268 to the distal portion 263 of the 
5 elongate core member. The first and second bodies of radiopaque solder 276 
and 277 can be made of gold solder or any other suitable bonding material with 
radiopaque properties. Any number of radiopaque bodies of solder can be 
disposed in a like number of spaced portions 274 of a helical coil 268 in order to 
form a longitudinal array of radiopaque markers at regular intervals to facilitate 

1 0 measurement of intracorporeal structures during a clinical procedure- 

Typically, the guidewire 230 will have between about 2 to about 20 such 
radiopaque makers on the distal section 263. The axial length and spacing of 
the radiopaque bodies of solder 276 and 277 can be similar to or the same as 
the axial length and spacing of the radiopaque markers 225 of guidewire 200 

15 discussed above, A polymer layer 278 is disposed about the distal section 263 
of the elongate core member 261 and the helical coil 268. A lubricious coating 
279 is optionally disposed on an outer surface 281 of the elongate core member 
261 and an outer surface 282 of the polymer layer 278. Excepting noted 
differences, the features, dimensions, materijals and any variations thereof for 

20 the various elements of guidewire 260 can be generally the same as the 



Attorney Doc. No. 229^5-4620 

56 

features, dimerisjons, materials and variations thereof of similar elements of 
guldewire 110 discussed above. 

FIGS. 35 and 36 show a polymer tubular member 284 having a plurality of 
radiopaque longitudinal segments 285 and radiolucent longitudinal segments 
286. The polymer tubular rnember 284 can be extruded as a single piece, or 
may be made from individual segments which are bonded or fused together. 
The length and spacing of the segments 285 and 286 can be chosen to give a 
desired demarcation of structures within a patient's body during a procedure. 
Typically, the polymer tubular member 284 is made of a polymer such as 
polyurethane that has been doped with a radiopaque material, such as tungsten 
powder or the like, in the radiopaque longitudinal segments 285. The axial 
length and spacing of the segments 285 and 286 can be the same or similar to 
the axial length and spacing of the radiopaque markers 226 pf guidewire 200 
discussed above. 

FIGS. 37 and 38 show a guidewire 290 having an elongate core member 
291 with a proximal section 292 and a distal section 293. The distal section 293 
has a curvilinear taper 294 tapering distaljy to a reduced transverse dimension. 
A flexible body in the form of a polymer tubular member 295 is disposed about 
the distal section 293 of the elongate core member 291 and is optionally 
secured by a suitable adhesive thereto. The polymer tubular member 295 has a 
plurality of radiopaque longitudinal segments 296 ancJj radiolucent longitudinal 
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segments 297. The polymer tubular member 295 can be extruded as a single 
piece, or may be made from individual segments which are bonded or fused 
together. 

The features, dimensions and materials of the polymer tubular number 
295 can be the same as or similar to the features, dimensions and materials of 
the polymer tubular member 284 discussed above and should be chosen to give 
a desired demarcation of structures within a patient's body during a procedure. 
A polymer layer 298 is disposed about the distal section 293 of the elongate 
core member 291 and the polymer tubular member 295. A lubricious coating 
299 is optionally disposed on an outer surface 301 of the elongate core member 
291 and an outer surface 302 of the polymer layer 298. Excepting noted 
differences, the dimensions, materials and any variations thereof for the various 
elements of guidewire 290 can be generally the same as the dimensions, 
materials and variations thereof of similar elements of guidewire 110 discussed 
above. 

FIG. 39 illustrates a guidewire 310 having an elongate core member 311 
with a proximal section 312 and a distal section 313. The distal section 313 has 
a longitudinal portion 314 which tapers distally to a reduced transverse 
dimension. Optionally, there is a flattened shapable distal segment 315 which 
can extend from a distal end 314A of the longitudinal portion 314- The distal 
end, 31 5A of the segment 31 5. is secured -to a distal end 31 6A of a flexible body 
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316 with adhesive forming a rounded distal tip 317. Excepting noted 
differences, the dimensions, materials and any variations thereof for the various 
elements of guidewire 310 can be generally the same as the dimensions, 
materials and variations thereof of similar elements of guidewire 110 discussed 
above. 

Flexible body 316 is disposed about and secured to the distal section 313 
of the core member 311 and has at least one polymer layer 31 6B. The polymer 
layer 31 6B may be applied to the distal core section by the methods described 
above with regard to applying polymer layers or any other suitable means that 
produces a smooth continuous surface. Suitable polymer materials for the 
polymer layer 316B can include the materials previously discussed with regard 
to polymer layer 126 discussed above. The thickness of the polymer layer 31 6B 
can range from about 0.0005 inch to about 0.0060 inch, preferably about 0.0010 
inch to about 0.0030 inch. The polymer layer 31 6B can be about 5 to about 35 
cm in length, extending proximajly from the rounded distal tip 317. A 
radiopaque layer 316C is disposed about the distal section 113 of the elongate 
core 111. The radiopaque layer 31 6C Is shown as iritermittent in an axial 
direction and may be made of a helical coil or bands of radiopaque material. 

As shown in FIGS. 40 A-41, the flexible body 316 can be made of a first 
polymer layer 318 disposed about the distal section 313 of the elongate core 
31 1 and a second polymer layer 319 disposed about the first polymer layer 318, 
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A radiopaque layer 320A is disposed between tlie first polymer layer 318 and 
the second polymer layer 319. Radiopaque layer 320A is illustrated as being 
intermittent in an axial direction and may be made at a helical ribbon coil or 
bands of a radiopaque material. FIG. 42 illustrates another embodiment where 
the radiopaque layer 320B is continuous In an axial direction. Radiopaque layer 
3208 is sandwiched between first polymer layer 318 and second polymer layer 
319. The thickness of the radiopaque layers 31 6C, 320A and 320B can range 
from about 0,0005 inch to about 0.0040 inch, preferably from about 0.0015 inch 
to about 0,0025 inch. 

FIGS. 40A-41 illustrate an embodiment where the flexible body 316 has a 
radiopaque layer 320A formed of radiopaque elements 321 which are spaced 
apart a predetermined distance in an axial direction. The radiopaque elements 
321 are preferably in the form of bands, positioned circumferentially around the 
elongate core 111. The radiopaque elements 321 can have a thickness from 
about 0.0005 inch to about 0.0040 inch, specifically from about 0.0015 inch to 
about 0.0025 inch. The radiopaque elements 321 can be about 0.5 to 5 mm in 
width, specifically 1 to 2 mm in width, and can be spaced about 0.2 to about 2 
cm apart in an axial direction. The radiopaque layer 320A may be in the form of 
a stretched helical ribbon being open wound with turns not touching each other 
and the thickness of the helical ribbon can be from about 0,0005 inch to about 
Q.0040 inch, preferably from about 0,0015 inch to about 0.0025 inch. A helical 
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ribbon suitable for the radiopaque layer 320A can be about 0.5 to 2 mm wide 
and the turns of the helical ribbon can be about 1 to about 15 mm apart. 

The radiopaque layers 31 6C, 320A and 320B can be formed from 
radiopaque metals such as platinum, gold, iridium, palladium, tantalum, 
tungsten, or alloys thereof. Conventional non-metallic radiopaque materials 
may also be used. Additionally the radiopaque layers 31 6C, 320A and 320B 
may be made of a polymer doped with a radiopaque material, such as those 
discussed above. 

The flexible body 316 may be applied directly to the distal section 113 of 
the elongate core member 111 pr they may be first formed elsewhere and then 
applied to the elongate core member by a suitable attachment means, 
preferably by adhesive or by shrink fitting. The elongate core 1 1 1 member can 
be formed of a strong, yet flexible material, such as stainless steel, NITINOL, 
MP35N, L650, Elgiloy or other materials, or combinations thereof. 

In general, the overall length of the guidewire 310 may range from about 
80 to about 320 cm, preferably about 160 to about 200 cm for coronary use. 
The guidewire 310 may be produced in commercially standard lengths of 175, 
190 and 300 cm. The distal section 1 13 of the guidewire 310 can be about 1 to 
about 30 cm, preferably about 2 to about 10 cm in length. The outer diameter of 
the guidewire may vary depending upon use, but typically is about 0.008 to 
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about 0.035 jnch (0.2 to 0,9 mm), the number, lengths and diameters of the 
tapers may likewise vary. 

As discussed above, it can be desireable to have the polymer layer or 
layers of the embodiments discussed above applied with an apparatus and 
process that produces a smooth continuous outer surface. 

FIGS. 43-46 illustrate such a polymer coating apparatus 410 for applying 
a polymer coating 411 to an elongate intracorporeal device 412 such as the 
guidewire embodiments described above. A guide tube assembly 413 is 
removably secured to a guide tube assembly mount 414. The guide tube 
assembly mount 414 is secured to a mounting surface 415, which is typically an 
even vertical surface, but which can have any desired configuration or 
orientation. A heater member 416 is secured in thermal communication with a 
guide tube housing 417 of the guide tube assembly 413 and serves to supply 
heat energy to a desired portion of the guide tube assenfibly 413. The guide 
tube assembly 413 includes a guide tube housing 417 which has an input end 
418 and an output end 419. The output end 419 has a threaded portion 422 
and the input end 418 has a retainer lip 423. A retainer cap 424 is threaded 
onto the threaded portion 422 of the output end 419 of the guide tube housing 
417. 

The guide tube housing 417 can be made of a conductive material such 
as stainless steel, a machinjeable insulative material such as Vespel® or any 
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other suitable material. As shown in FIG. 44, within the guide tube housing 417, 
a guide tube 425 having an input end 426 , an output end 427 and a guide 
chamber 428 disposed within the guide tube 425 has the Input end 426 of the 
guide tube 425 disposed against the retainer lip 423 of the guide tube housing 
417. A die 431 having an input end 432 and an output end 433 is disposed 
within the guide tube housing 417 with the input end 432 of the die 431 against 
the output end 427 of the guide tube 425. An optional centering insert 434 
having an input end 435 and an output end 436 is disposed within the guide 
tube housing 417 with the input end 435 of the centering insert 434 against the 
output end 433 of the die 431. The retainer cap 424 with a center hole 437 is 
threaded onto the threaded portion 422 of the guide tube housing 417 to hold 
the guide tube 425, die and centering insert 434 within the guide tube housing 
417. 

In one embodiment, the guide tube 425 has a length of about 0.5 to about 
5 inch, specifically about 1 .0 to about 3.0 "inch. The guide tube 425, die 431 and 
centering insert 434 can have an outer diameter of about 0.03 to about 0.2 inch, 
specifically about 0.05 to about 0,1 inch. The guide tube 425 of the embodiment 
can have a wall thickness of about 0.005 to about 0.015 inch. In other 
embodiments, the length, outer diameter and wall thickness of the guide tube 
425 can vary significantly from the dimensions given above to suit the desired 
application. The guide tube 425, die 431 and centering insert 434 can be 
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disposable and made from a high temperature polymer such as PI, PTFE, LCP 
or PEEK. 

As best shown in FIG. 43, a puller 440 is disposed adjacent an output end 

441 of the guide tube assembly 413 and has a clamp 442 aligned with the 
5 longitudinal axis 443 of an inner lumen 444 of the die 431 for temporarily 

securing the elongate intracorporeal device 412 to the puller 440. The clamp 

442 temporarily secures a desired portion of the elongate intracorporeal device 
412 to the puller 440 such that the elongate intracorporeal device 412 is 
centered within the inner lumen 444 of the die 431. The puller 440 is slidably 

10 disposed on a puller track 445 and has motor 446 which mechanically engages 
the puller track 445 and moves the puller 440 along a longitudinal axis 447 of 
the guide tube assembly 413. 

A cartridge advancement mechanism 451 consisting of a push tube 
actuator 452 and a push tube 453 is disposed adjacent ah input end 454 of the 

15 guide tube assembly 413. The push tube actuator 452 is mechanically coupled 
to the push tube 453 with the push tube 453 having a contact end 455 and an 
actuator end 456. The push tube 453 is configured to have the contact end 455 
slidably disposed within the guide chamber 428 of the guide tube 425 and apply 
force to an extrudable polymer cartridge 457 disposed within the guide chamber 

20 428 in a direction of extrusion. The direction of extrusion is defined to be from 
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the input end 454 of the guide tube assembly 413 tg the output end 441 of the 
guide tube assembly 413 as indicated by arrows 458. 

The push tube actuator 452 is slidably disposed on a push tube actuator 
track 461 such that a longitudinal axis 462 of an inner lumen 463 of the push 
5 tube 453 is aligned with the longitudinaf axis 443 of the die 431 and longitudinal 
axis 464 of an inner lumen 465 of the extrudable polymer cartridge 457. A push 
tube actuator motor 466 Is disposed on the push tube actuator 452 and 
mechanically coupled to the push tube actuator track 461 so as to enable the 
motor 466 to axially translate the push tube actuator 452 on the push tube 

1 0 actuator track 461 along a longitudinal axis 447 of the guide tube assembly 41 3. 

The elongate intracorporeal device 412 is disposed within an inner lumen 
467 of the centering insert 434, the extrusion orifice 468 of the die 431 , the inner 
lumen 465 of the extrudable polymer cartridge 457 and the inner lumen 463 of 
the push tube 453. The elongate intracorporeal device 412 is also shown as 

15 being disposed along the longitudinal axis 447 of the guide tube assembly 413. 
Other configurations may be used where the elongate intracorporeal device 412 
is offset from the longitudinal axis 447 of the guide tube assembly 413. 

A computer 471 is in electrical communication with an electronic control 
unit 472 which is in electrical communication with a temperature sensor 473 

20 disposed in thermal communication with the heater member 416, a puller 
position indicator 474 disposed on the puller 440, and a push tube aptuator 



Attorney Doc. No. 22965-4620 



65 

position indicator 475 dispo$ed on tlie pusii tul)e actuator 452. The temperature 
sensor 473 provides an electrical signal to the computer 471 indicating the 
temperature of the heater member 416. The puller position indicator 4/4 
provides an electrical signal to the computer 471 indicating the position of the 
puller 440 relative to the output end 441 of the guide tube assembly 413. The 
push tube actuator position indicator 475 provides an electrical signal to the 
computer 471 indicating the position of the push tube actuator 452 relative to the 
input end 454 of the guide tube assembly 413. In addition, the computer 471 is 
electrically coupled to the control unit 472 such that a signal from the computer 
471 can control the amount of power to the heater member 416, the speed and 
direction of translation of the puller 440 and the speed and direction of 
translation of the push tube actuator 452. 

In this way, the computer 471 can be programmed to repeatably control 
the temperature of the heater member 416, the rate of pull of the elongate 
intracorporeal device 412 through the guide tube assembly 413 and the rat^ of 
feed of the extrudable polymer cartridge 457 into the guide chamber 428 in the 
direction of extrusion. This enables the computer 471 to repeatably control the 
entire coating process for consistent coating results. The computer 471 may be 
a standard personal computer, or any suitable substitute such as a custom 
integrated circuit or the like. In addition, the function of the computer 471 could 
be carried out with standard analog circuitry of suitable configuration that would 
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provide a desired and repeatable heater member 416 temperature, rate of pull 
of tlie puller 440 and rate of feed of the push tube actuator 452. 

In use, the retainer cap 424 is removed from the guide tube housing 417. 
The guide tube 425 is loaded into the guide tube housing 417 from the output 
end 419 of the guide tube housing 417 until the Input end 426 of the guide tube 
425 contacts the retainer lip 423 of the guide tube housing 417 and the contact 
end 455 of the push tube 453 enters the guide tube chamber 428 at the Input 
end of the guide tube 425. The extrudable polymer cartridge 457 Is then loaded 
into the guide chamber 428 at the output end of the guide tube 425 until it 
contacts the contact end 455 of the push tube 453. Next, the die 431 is loaded 
into the guide tube housing 417 with the input end 432 of the die 431 adjacent 
the output end 427 of the guide tube 425. The centering insert 434 is then 
loaded into the guide tube housing 417 with the input end 435 of the centering 
Insert 434 adjacent the Output end 433 of the die 431 . The retainer cap 424 is 
then replaced which confines the guide tube 425, extrudable polymer cartridge 
457, die 431 and centering insert 434 within the guide tube housing 417, 

The elongate intracorporeal device 412 is then inserted through the inner 
lumen 467 of the centering insert 434, the extrusion orifice 468 and inner lumen 
444 of the die, the inner lumen 465 of the extrudable polymer cartridge 457, and 
at least a portion of the inner lumen 463 of the push tube 453. The elongate 
Intracorporeal device 412 is then temporarily secureid to the puller 440 by the 
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clamp 442. The coating cycle is then started by supplying power to the heater 
member 416 which heats a desired portion of the die 431, guide tube 425 and 
extrudable polymer cartridge 457 which are adjacent the heater member 416. 

Thermal energy from the heater member 416 may be coupled to the die 
5 431 alone, the die 431 and the output end 427 of the guide tube 425 or the die 
431 and any desired portion of the guide tube 425. Also, it may be useful in 
some embodiments to generate a temperature gradient along the centering 
insert 434, die 431 and guide tube 425. In one embodiment, it is preferable to 
concentrate most of the thermal energy on the die 431 and output end 427 of 
10 . the guide tube 425. 

As thermal energy is transferred to the extrudable polymer cartridge 457, 
it can begin to soften or melt at a melt zone 457A. When the portion of the 
extrudable polymer cartridge 457 adjacent the die 431 approaches a desired 

r 

temperature or viscosity or both, force in the direction of extrusion is applied to 
15 the extrudable polymer cartridge 457, This pushes the melted or softened 
polymer material in the melt zone 457A of the extrudable polymer carfa'idge 457 
into the Input end 432 and inner lumen 444 of the die 431 and onto the elongate 
intracorporeal device 412. When the force in the direction of extrusion is 
Initiated on the extrudable polymer cartridge 457, the elongate intracorporeal 
20 device 412 is simultaneously advanced in the direction of extrusion so that as 
the extrudable polymer cartridge 457 is heated, nrielted, and forced into the die 
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431. The melted extrudable polymer cartridge 457 is applied to the moving 
elongate intracorporeal device 412 in a radially inward direction as indicated by 
arrows 457B. As shown in FIG. 44, the extrudable polymer cartridge 457 is 
applied evenly at the melt zone 457A from ail directions as indicated by arrows 
457B. The force of this evenly distributed inward radial force helps maintain the 
concentricity of the polymer coating 411 if the lumen of the extrudable polymer 
cartridge is concentric with the longitudinal axis 464 of the extrudable polymer 
cartridge 457 and longitudinal axis 443 of the die 431. The coating process is 
carried out continuously until a desired portion of the elongate intracorporeal 
device 412 has been coated. The process may be terminated by exhaustion of 
the extrudable polymer cartridge 457, cessation of the force in the direction of 
extrusion on the extrudable polymer cartridge, or passage of an extremity 476 of 
the elongate intracorporeal device 412 through the dje 431 . 

In the embodiment of the polymer coating apparatus 410 shown in FIGS. 
43-46, the force in the direction of extrusion on the extrudable polymer cartridge 
457 is applied by the contact end 455 of the push tube 453 which is 
mechanically coupled to the push tube actuator 452. One alternative to the 
push tube actuator 452 is to apply a substantially constant force in the direction 
of extrusion on the push tube 453 with an optional constant force spring 477. 
The constant force spring 477 may be secured to any suitable portion of the 
push tube 453,, push tube actuator 452, guide tube assenfibly mount 414, or 
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mounting surface 415. A suitable trigger mechanism can be used to initiate tlie 
force from the constant force spring 477 in the direction of extrusion at the 
appropriate time in the coating cycle. 

When the coating cycle is finished, the elongate intracorporeal device 412 
is removed from the guide tube assembly 413 and the puller 440. The retainer 
cap 424 of the guide tube housing 417 is removed as well as the spent die 431 , 
centering insert 434, guide tube 425 and extrudable polymer cartridge 457. The 
push tube 453 is then reset to its original position and a new guide tube 425, 
extrudable polymer cartridge 457, die 431 and centering insert 434 loaded into 
the guide tube housing 417. It may be possible to reuse the die 431 , guide tube 
425 or centering insert 434. Also, the new guide tube 425, die 431 and 
extrudable polymer cartridge 457 may be loaded into the guide tube housing 
417 in one modular unit or subassembly in order to lessen the time be^een 
coating cycles. 

The temperature range of the heater member 416 used for the process of 
the polymer coating apparatus 410 can vary significantly depending on the 
desired result, size and material composition of the elongate intracorporeal 
device 412 and material composition of the extrudable polymer cartridge 457. 
For coating an elongate intracorporeal device 412 consisting of a guidewire, in 
order to yield a finished outer diameter of about 0.012 to about 0.016 inch, a 
temperature range of about 340 to about 390 degrees Fahrenheit, specifically 
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about 350 to about 380 degrees Fahrenheit Is typical If using polyurethane for 
the extrudable polymer cartridge 457 material. 

As the temperature of the heater member 416 is changing as the coating 
process is started, it may be desirable to trigger axial movement of the elongate 
intracorporeal device 412 in the direction of extrusion just prior to reaching the 
desired target temperature. For example, if the ultimate target temperature of 
the heater member 416 is. about 365 degrees Fahrenheit, then the puller 440 
may be triggered by programming of the computer 471 to start the puller 440 
moving in the direction of extrusion when the heater member 416 reaches a 
temperature of about 362 degrees Fahrenheit. 

The rate of speed of pull of the elongate intracorporeal device 412 
through the guide tube assembly 413 can vary considerably depending on many 
factors including the size and durability of the elongate intracorporeal device 
412, the temperature of the heater member 416 and the material of the 
extrudable polymer cartridge 457. For the example given above, with an 
elongate intracorporeal device 412 of stainless steel having a desired finish 
outer diameter of about 0.012 to about 0.016 inch, using polyurethane for the 
extrudable polymer cartridge 457, a typical rate of pull can be from about 0.25 to 
about 1.0 cm/second for durable portions of the member 412, and about 0.05 to 
about 0.15 cm/second for more fragile portions of the member 412, such as 
portions of. the elongate intracorporeal device 412 covered by a hejical coil 
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which is subject to mechanical deformation. . The force applied to the extrudable 
polymer cartridge 457 by the push tube 453 via the push tube actuator 452 can 
be from about 0.5 to about 10 pounds, specifically about 1.0 to about 2.0 
pounds. 

In another embodiment, the cartridge advancement mechanism 451, 
described above as consisting of a push tube actuator 452 coupled to a push 
tube 453 can be replaced with a substantially constant force spring coupled to 
the push tube so as to apply a substantially constant force in the diriection of 
extrusion on the extrudable polymer cartridge 457 during the coating process. 
The amount of force can be similar tp the forces noted above with regard to the 
push tube actuator 452 embodiment. 

FIGS. 47-48C illustrate an enlarged view of the embodiment of the die 
431 shown in FIGS, 44 and 46. The dje 431 can be made from a variety of 
materials, including high temperature polymers such as PI, PTFE, LCP and 
PEEK. The die 431 can also be made from metal or any other suitable material. 
The die 431 has an input end 432, an output end 433 and an inner lumen 444. 
An extrusion orifice 468 is disposed at an output extremity 478 of the inner 
lumen 444. The length 479 of the inner lumen 444 of the die 431 can vary 
significantly depending on the desired result and numerous other factors. A 
typical length of the inner lumen 444 can range from about 0.02 to about 0.5 
inch, specifically about 0,05 to about 0.08 inch. A transverse dimension of the 
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inner lumen 444 and extrusion orifice 468 of the die 431 can be from about 0.01 
to about 0.25 inch, specifically about 0.011 to about 0.015 inch. 

The die 431 has an outer transverse dimension similar to an inner 
transverse dimension of the guide tube. An input taper 481 at the input end 432 
of the die 431 has an input taper angle 482. An optional output taper 483 at the 
output end 433 of the die 431 has an output taper angle 484, Output taper 
angle 484 and input taper angle 482 can be from about 180 degrees, i.e. a flat 
cut end with no taper, to about 15 degrees, specifically from about 35 to about 
45 degrees, and more specifically, from about 36 to about 40 degrees. Although 
the extrusion orifice 468 of the die 431 shown in FIG. 47 has a round cross 
section as shown in FIG. 48A. the cross section of the extrusion orifice 468 can 
have any desired configuration or shape such as the square configuration 
shown in FIG, 48B or the elliptical configuration shown in FIG. 48C. Any other 
suitable extrusion orifice 468 configuration or cross sectional shape can be used 
to achieve a desired result. 

FIG. 49 illustrates a tandem polymer coating apparatus 486 having a first 
polymer coating apparatus 487 in line with a second polymer coating apparatus 
488. The various components of the first and second polymer coating 
apparatus 487 and 488 can have components similar to the components of the 
polymer coating apparatus 410 of FIGS. 43-46, and are numbered accordingly. 
A single puller 489 can be used for the tandem polymer coating apparatus 486. 
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By using a tandem cx)ating apparatus 486, multiple layers of polymer coating 
may be applied to a single elongate intracorporeal device 412 by drawing the 
elongate intracorporeal device 412 through the first and second polymer coating 
apparatus 487 and 488 in serial in a direction of extrusion indicated by arrow 
491. Multiple coatings may be applied so as to be axially coextensive on the 
elongate intracorporeal device 412. Multiple coatings may also be applied to 
separate axial portions of an elongate intracorporeal device 412 or such that the 
multiple coatings overlap each other by a desired amount. Although FIG. 49 
depicts a tandem coating apparatus 486 having two polymer coating apparatus 
487 and 488 in serial, any desired number of polymer coating apparatus may be 
used. 

FIGS. 50 and 51 illustrate another embodiment of a guide tube assembly 
495 having features of the invention. The guide tube assembly 495 includes a 
guide tube 496 having an input end 497 and an output end 498 disposed 
partially within a guide tube housing 501. The guide tube 496 can be made from 
a variety of polymer materials, specifically, high temperature polymer materials 
such as PI, PTFE, LCP and PEEK. The guide tube housing 501 has an input 
end 502 and an output end 503. The guide tube housing 501 also has a central 
inner lumen 504 which is configured to accept the guide tube 496. The central 
inner lumen 504 of the guide tube housing 501 has a retainer lip 505 at the input 
end 502 of the guide tube housing 601 which is configured to prevent the guide 
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tube 496 from exiting the input end ^02 of the guide tube housing 501 without 
blocking or Interfering with a guide chamber 506 disposed within the guide tube 
496, The central Inner lumen 504 of the guide tube houslijig 501 is capped at 
the output end 503 with a retainer cap 507. The retainer cap 507 has a retainer 
cap-top 508, a threaded portion 509 and a retainer cap Insert 512. The retainer 
cap 507, when secured to the guide tube housing 501, confines the output end 
498 of the guide tube 496 within the central Inner lumen 504 of the guide tube 
housing 501 . 

Disposed within the output end 498 of the guide tube 496 is a die 513 
which has an input end 514 and an output end 515 and which can have the 
same configuration, dimensions and materials as the die 431 shown in FIGS. 
47-48C. Disposed within the guide tube 496 adjacent the Input end 514 of the 
die 513 is an extrudable polymer cartridge 516 having an input end 517 and an 
output end 518. An inner lumen 521 extends along a longitudinal axis 622 of 
the extrudable polymer cartridge 516. A push tube 523 having a contact end 
524 and an actuator end 525 is disposed within a guide chamber 526 of the 
guide tube 496 with the contact end 524 adjacent the input end 517 of the 
extrudable polymer cartridge 516. A push tube actuator rod 527 with an 
actuator rod tip 528 is disposed partially within the guide chamber 526 with the 
actuator rod tip 528 disposed adjacent the actuator end 525 of the push tube 
523. 



Attorney Doc. No. 22966-4620 

75 

A heater member 531 is disposed within the guide tube housing 501 
about the output end 498 of the guide tube 496. The heater member 531 has a 
heater member housing 532, heater rods 533 and heater lead wires 534 which 
supply power to the heater rods 533. The heater member housing 532 can be 
made from stainless steel or any other suitable material which can withstand 
high temperatures. |t may be desirable to use a material which readily conducts 
heat for the heater member housing 532. The heater member 531 is held in 
place within the guide tube housing 501 by a guide tube housing cap 535 
disposed at the output end 503 of the guide tube housing 501 . 

The guide tube housing cap 535 can be secured to the guide tube 
housing 501 by screws 536. The guide tube housing 501 has cooling air 
channels 537 disposed within the housing 501 fed by air lines 538 to allow air to 
be circulated about the heater member 531 and cool the heater member 531 
after a polymer coating process has been completed and a new guide tube 496, 
die 513, extrudable polymer cartridge 516 and push tube 523 inserted into the 
guide tube assembly 495. The optionally disposable components of the guide 
tube assembly 495 including the guide tube 496, die 513, extrudable polymer 
cartridge 516 and push tube 523 may be replaced separately, or all at once as a 
modular subassembly. 

The guide tube 496, die 513, extrudable polymer cartridge 516 and push 
tube 523 are replaced by removing the retainer cap 507, withdrawing the spent 
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guide tube 496, dje 513, extrudable polymer cartridge 516 and push tube 523, 
and then replacing a new guide tube, die, extrudable polymer cartridge and 
push tube. The retainer cap 507 is then secured to the guide tube housing 501 . 
The guide tube housing 501 , guide tube housing cap 535 and retainer cap top 
508 can all be made from a high strength machineable polymer insulator, such 
as Vespel ® which is a polyimide resin based composite, or any other suitable 
material. An insulative material can be used for the guide tube housing 501, 
guide tube housing cap 535 and retainer cap top 508 in order to facilitate 
handling by the operators of the device who must handle the various 
components of the polymer coating apparatus during its operation. 

The guide tube assembly 495 shown in FIGS. 50 and 51 is used in a 
manner similar to that discussed above with regard to the embodiment of the 
guide tube assembly 413 shown in FIGS. 43-46. The coating process 
parameters discussed above with regard to the embodiment of the guide tube 
assembly 413 shown in FIGS. 43-46, including, but not limited to, temperatures, 
pull speeds, rates of feed, forces on the extrudable polymer cartridge 457, and 
the like, and structures and alternative structures used to implement those 
parameters, can all be the same or similar for the embodiment of the guide tube 
assembly 495 shown in FIGS. 50 and 51; 

While particular forms of the invention have been illustrated and 
described, it will be apparent that various modifications can be niade without 
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departing from the spirit and scope of tlie invention. Accordingly, it is not 
Intended that the Invention be limited, except as by the appended claims. 



